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The chemical status of the shallow alluvial Savinja Valley groundwater body in Slovenia is poor,
mainly due to the high concentration of nitrate in groundwater. This case study is therefore oriented
in the assessment of groundwater vulnerability to nitrate pollution, as a base for the measure-
planning processes. The article describes the use of isotope information of surface water and
groundwater for the determination of possible sources of groundwater nitrate pollution. The isotope
information of predominant soil and manure/septic waste nitrate origin, associated with other local
physical and chemical boundary conditions and land use data, offers an interpretative support in the
delineation of nitrate vulnerable zones.
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The knowledge of geochemical processes and pollution sources is necessary for
interpretation of the groundwater vulnerability results also in case of a process-
based model results application (Uhan et al. 2010a; Uhan et al. 2010b). Alluvial
aquifer of Lower Savinja Valley was selected as an isotopic case study of
groundwater nitrate pollution sources identification (Uhan 2011). It is less than
100 square kilometre shallow alluvial aquifer system with about 5 percent of the
total groundwater reserves of all Slovenian alluvial aquifers. An important part of
the regional water demand in the Savinja Valley is met by pumping groundwater
from vulnerable Pleistocene and Holocene sandy gravel aquifers of the plain
with population pressure and intensive agricultural production. The average
depth to the groundwater is between 4 and 5 metres.
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In order to meet the requirements of the EU Water Framework Directive, the
Lower Savinja Valley groundwater quality and quantity status assessment were
made in the year 2008 (Uhan et al. 2010c). Adequate quantity, but poor chemical
status was assessed for Savinja Valley groundwater body. The reason for the bad
chemical status of the groundwater was that high nitrate concentrations were
found beside pesticides. Through measurements performed in the year 2009, two
distinct areas of the aquifer were identified: the central parts, where the
concentrations of nitrate in the groundwater surpassed 50 mg/l, and the northern
marginal part, characterized by the concentrations of dissolved oxygen lower
than 5 mg/l (Fig. 1).  
Correlation between the groundwater nitrate concentrations and δ15N in
groundwater nitrate (Fig. 2a) suggests that part of the aquifer was influenced by
denifitrication, especially at measurement points in the northern clay-rich soils
area of the aquifer. In these areas, decreased dissolved oxygen was measured.
According to Kendall's ranges of δ15N values for the major sources of nitrogen in
the hydrosphere (1998), the δ15N in Lower Savinja Valley groundwater nitrate
suggests predominant soil (cultivation) sources and/or manure/septic waste
nitrate sources. The range of δ15NNO3– values in the groundwater of Lower
Savinja Valley is between +5.11‰ and +21.90‰, which falls inside the range
found in areas with comparable hydrogeological setting and land use in the
northeastern part of Slovenia (Pintar 1996; Pezdic 1999). The δ15NNO3– values in
the samples from the rivers in Lower Savinja Valley ranged between +3‰ and
+13‰ and were grouped together with some groundwater samples from
locations where the hydrological impact of the surface water on the groundwater
flow regime was significant.
The δ15NNO3– and δ13CDIC relation (Fig. 2b) reflects the importance of internal
and external sources of dissolved carbon and nitrogen and the hydrochemical
evolution of groundwater in the aquifer. The shift in δ13CDIC toward the more
negative values was indicative of an isotopically light carbon source, such as
leaching of soil CO2. The isotope information of predominant soil and
manure/septic waste nitrate origin, associated with other local physical and
chemical boundary conditions and land use data, offered an interpretative
support in the delineation of nitrate vulnerable zones. To achieve a more precise
determination of nitrate sources or mixing processes, a more complex isotopic
investigation (e.g. groundwater nitrate oxygen and boron) would be needed
(Widory 2009). The results, obtained in this case study, lead us to envisage
additional monitoring programs, focused on a field measurements technique and
water sampling for isotopes.
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Fig. 1 →
Map of nitrate and dissolved oxygen distribution in groundwater of Lower Savinja Valley aquifer
with sampling locations for isotope analysis
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Fig. 2 δ15N-NO3– vs. nitrate NO3– concentration (Fig. 2a) and δ15N-NO3– vs. δ13C-DIC (Fig. 2b) in
groundwater of Lower Savinja Valley in period 2008–2009
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